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ABSTRACT 


Object. 


The  objsct  of  project  4-04-15-007  is  to  investigate  various 
mm  for  disseminating  solid  and  liquid  toxic  agents. 

The  object  of  the  work  described  in  this  report  aas  an  attempt 
to  confirm  c la  las  reported  in  intelligence  documents  relative  to  the  military 
applications  by  Russian  and  Geran  sources  of  the  vortex  ring  principle  ibr 
disseminating  agents. 

Results. 


A literature  survey  revealed  little  Information  of  a useful 
nature  on  vortex  rings.  Several  forailae  have  been  proposed  to  explain  the 
behavior  of  vortex  rings j hoeerer,  there  ia  insufficient  experimental  evidence 
to  indicate  which,  if  any,  of  the  proposed  relations  are  correct. 

Limited  experimental  trials  were  conducted  in  an  attempt  to 
reproduce  the  equipment  and  results  described  in  an  intelligence  report  ehlch 
described  equiprant  and  promising  results  on  Russian  experiments  on  the  dis- 
semination of  agents  by  the  vortex  ring  principle.  Although  a moderate  number 
of  combinations  of  design  parameters  were  tried,  no  success  vaa  achieved  in 
even  approaching  the  range  and  accuracy  claimed  in  the  report.  Caliber  .30- 
and  20-oa.  ascunitlon  mere  used  as  the  pulsing  charges.  While  the  report 
claimed  ranges  of  the  order  of  300  meters,  the  ranges  obtained  in  the  experi- 
ments did  not  exceed  30  yd.  The  report  claimed  high  aimabillty  for  the  vortex 
rings,  yet  the  aimabillty  observed  in  the  tests  was  found  to  be  very  poor  and 
unpredictable. 


Whether  the  failure  of  the  limited  teste  reflects  an  inherent 
incapacity  of  this  type  of  eystem  for  the  useful  field  dissemination  of  CW 
agents  or  ehether  it  was  esussd  by  a lack  of  understanding  of  the  design 
psrscetsrs  is  s problem  which  can  bo  rssolved  only  after  s prolonged  period 
of  fbndamental  hydrodynamic  and  aerodynamic  experimentation.  This  was  con- 
firmed by  sn  inquiry  directed  to  sn  authority  in  ths  field  of  aerodynamics 
(see  inclosure'  1,  appendix  A).  Though  ths  failure  of  the  systems  tested  does 
not  preclude  the  possibility  that  the  reported  claims  can  be  duplicated,  it 
is  indicated  that  s successful  system  would  require  s highly  specific  and 
precise  design  of  inknown  details. 


It  appears  that  the  vortex  ring  principle,  even  if  it  could 
be  made  to  operate  in  accordance  with  the  claims  of  the  Russian  source,  would 
not  be  competitive  with  conventional  weapons  for  disseminating  G B.  There  is 
a possibility  that  the  vortex  ring  principle,  if  successful,  may  be  practi- 
cable for  projecting  agents  for  riot  control  and  possibly  for  projecting 
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If  the  vortax  ring  were  assumed  to  be  ono  cater  in  diaoBter 


and  if  the  ring  were  saturated  with  ZB  vapor,  approximately  225  lb.  of  .30- 
cal.  ammunition  would  be  required  to  transport  10  lb*  of  CB. 

Conclusions. 

1.  Attempts  to  reproduce  the  results  claimed  in  an  intelligence 
report  relative  to  Aissian  experiments  on  the  application  of  the  vortex  ring 
principle  for  the  dissemination  of  agents  were  totally  unsuccessful. 

2.  No  basic  information  on  vortex  ring  generation  is  available 
for  guiding  the  design  of  a generator  which  would  be  substantially  more 
efficient  than  th*  prototypes  described  in  this  report. 

3.  The  vortex  ring  principle,  even  if  completely  successful,  is 
Inherently  inefficient  for  the  dissemination  of  OB. 

4.  If  the  claims  made  on  the  vortex  ring  principle  could  be  sub- 
stantiated, the  most  promising  application  may  be  the  projection  of  agents 
for  riot  control. 

Recommendation? . 

It  is  recommended  that  no  further  work  be  dene  on  the  appli- 
cation of  the  vortex  ring  principle  for  the  dissemination  of  CY  agents. 
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VISIBILITY  OF  DI3SBI1MATLNQ  CT  AQE?ffS  BT  MEINS  07 
TKB  VOCTSX  RING  PRINCIPLE 


I.  INHPDUCTION. 

A.  Object, 

Tha  object  of  project  4-04-15-007  is  to  investigate  various 
naans  for  disseminating  solid  and  liquid  toxic  agents. 

Tha  object  of  the  work  described  in  this  report  waa  an  attempt 
to  confirm  claims  reported  in  intelligence  documents  relative  to  the  military 
applications  by  Russian  and  Oeraan  sources  of  tha  vortex  ring  principle  for 
disseminating  agents. 

B.  Authority. 

Authority  for  this  work  was  contained  in  CCTC  item  1703,  26 
September  1946  and  tha  project  program  for  fiscal  years  1950,  1951,  1952, 

1953,  and  1954,  Project  4-04-15-007,  Dissemination  of  Solid  and  Liquid  Toxic 
Agents. 

II.  ffpnwciy.. 

Prior  to  lorld  Kir  II,  research  on  vortex  ring  producing  devices 
had  bevtn  carried  out  in  Russia  under  the  leadership  of  Prof.  Tokoachev  (Saploy- 
mant  of  Car  Gas  - Professor  Tokoachev* s "Vortex  Bings*,  ET7  550-810).  Tokoachev 
succeeded  in  Interesting  soviet  military  authorities  In  the  project  as  early  as 
1937.  Units  or  chambers,  designed  to  be  operated  by  the  blasts  emanating  from 
a variety  of  military  weapons,  (Infantry  rifles,  machine  guns,  and  76-mm.  field 
guns)  were  built  and  tested. 

It  was  hoped  that  these  units  would  ultimately  be  capable  of 
projecting  with  a high  degree  of  alcabllity,  and  at  high  velocities,  smoke  or 
toxic  Cff  agents  in  the  fora  of  vortex  rings  to  relatively  great  ranges.  In 
particular,  Prof.  Tokaachev  thought  that  the  units  adapted  for  use  with  machine 
guns  could  ultimately  be  rendered  capable  of  disseminating  extremely  great 
quantities  of  toxic  C7f  at  very  rapid  rates  with  a very  high  degree  of  efficiency. 

Prof.  Tokaachev  was  present  at  the  early  military  experiments. 

In  these  experiments,  according  to  Tokaachev,  ranges  of  300  meters,  and  ring 
muzzle  velocities  up  to  114  meters/second  sere  attained  with  rifles  end  machine 
guns.  Vortex  rings  (1  meter  in  over-all  diameter)  were  shot  at  a rate  of  400 
per  minute  from  a Degtyarev  machine  gun.  Tokmscl.  >v  calculated  that  with  ten 
machine  guns,  rbout  one  ton  of  war  gas  could  be  v M out  as  vortex  rings  in  fur 
minutes.  This  was  never  experimentally  substantiated. 
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Tokaachsv  was  not  invited  to  witness  the  tests  curducted  with 
the  76-ao.  field  gun,  end  thus  there  is  no  available  account  of  the  result:! 
of  this  test.  Although  it  probably  did  not  give  the  expected  results, 
Toknachev  had  calculated  that  a ring  muzzle  velocity  of  1300  meters/second 
could  be  obtained. 

Due  to  the  vagaries  of  Soviet  politirs  the  project  was  dropped 
after  the  test  with  the  76-no.  gun,  and  froa  then  on  only  occasional  internet 
in  the  project  was  shown  by  the  military  authorities. 

In  1942,  Tokmachev  was  captured  by  tbs  Qernana,  and  ha  put  his 
ideas  and  services  at  their  disposal.  The  Geras  ns  performed  various  testa 
the  results  of  which  (based  upon  inconclusive  intelligence  reports)  largely 
confirmed  Tokaachev' s basic  work.  However,  probably  due  to  the  desands  of  the 
Itr,  the  Qeraans  ware  not  able  to  continue  their  work,  and  there  is  no  record 
of  their  adapting  vortex  chambers  for  use  in  existing  military  weapons. 

It  la  from  captured  Gersmn  accounts  of  these  experiments,  that 
our  knowledge  of  Tokmachev,  his  history,  2nd  his  work  was  derived.  By  the  aid 
of  tfcs  war  Tokmachev  bad  disappeared. 

IIL  THE03ETXAL.. 

A.  General. 


The  vortex  ring  may  be  illustrated  by  the  cigarette  smoke  ring. 
It  may  be  produced  by  generating  a pulse  of  pressure  or  shock  wave  in  an  open 
mouthed  vessel,  .the  formation  of  the  ring  resulting  from  the  interaction  be- 
tween the  wave  and  the  edges  of  the  orifice  through  which  it  is  emitted. 

Generally  the  vortex  ring  takes  the  form  of  a toxoid,  all  the 
elements  of  which  are  rotating  about  its  circular  axis  and  in  a plans  at  right 
angles  to  that  aids.  The  ring  moves  parallel  to  its  central  axis  in  the  same 
direction  that  the  inner  surface  is  rotating  (see  fig.  1,  appendix  B). 

Theoretical  arguments  based  on  an  assumed  medium  of  an  ideal 
nonviscous  fluid  indicate  that  the  vortex  ring  is  a highly  conservative  entity, 
neither  dissipating  its  internal  energy,  decreasing  its  velocity  of  translation, 
nor  dispersing  its  contents.  These  implied  properties  suggest  the  potential 
utility  of  vortex  rings  as  carriers  of  CW  agent.  However,  in  fact,  the  ring 
is  aooewhat  slowed  down,  weakened,  end  subjected  to  the  lose  of  its  contents 
by  the  friction  between  it  end  the  medium  in  whleh  it  is  moving.  Fbnaula# 
have  been  evolved  for  the  rate  of  decay  of  vortex  rings  in  slightly  viscous 
mediums,  such  as  air,  but  they  have  not  been  experimentally  confirmed. 

One  such  formula  as  proposed  by  Tokaachev  is  as  follows! 
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■hare  VQ  = the  nuzzle  velocity  of  the  vortex  rings 
a m tho  distance 

a a a constant  dependent  on  the  shape  of  the  attachment 
b -a  constant  dependent  on  the  shape  of  the  attachment 

Then  V is  the  velocity  of  propagation  of  the  riiy  at  any  distance  s from 
the  source. 

The  Gorans  expressed  contrary  visas,  believing  that  the  All 
of  the  velocity  of  the  ring  is  in  the  fora  of  an  exponential  fraction. 

Though  the  mathematical  theory  of  vortex  rings  has  been  rather 
fully  treated  in  the  classical  works  on  hydrodynaalcs  and  aerodynamics,  only 
a limited  body  of  experimental  work  has  been  recorded  in  the  literature.  In 
particular  there  is  very  little  data  as  to  hoe  the  geometric  parameters  -»'■  ' .a 
vortex  forming  chamber  affect  the  properties  of  the  rings.  Nor  thers  very 
much  lnforomtion  correlating  the  characteristics  of  the  blast  or  shock  save 
used  to  fora  the  ring,  with  the  properties  of  the  ring. 

The  vortex  forming  chamber  can  fan  regarded  as  serving  two 
functions.  One  is  as  a reservoir  for  the  Cl  agent  to  bo  incorporated  in  a 
single  vortex  ring.  To  meet  this  requirement  a certain  volume  la 

required.  The  second  function  is  to  fora  and  modify  the  flow  pattern  of  the 
blast  in  order  to  produce  that  flow  pattern  which  will  give  optimum  properties 
to  ths  vortex  rings  (i.e.  maximise  the  capacity,  contents,  velocity,  and  range 
of  the  rings).  A large  sise  need  not  inherently  be  needed  for  this  function, 
and  perhaps  ths  introduction  of  the  proper  taffies  or  floe  forming  shapes  may 
permit  a reduction  in  the  siae  of  tho  chamber. 

Another  problem  on  which  very  little  information  exists  is, 
whether  the  vortex  ring  has  the  ability  to  carry  internally  an  aerosol  without 
centrifugally  expelling  the  particulates  making  up  the  aerosol.  This  problem, 
which  dose  not  exist  for  gases,  is  of  importance  because  of  many  CV  agents 
which  are  most  efficiently  disseminated  as  aerosols. 

B.  Calculation  of  GB  Propagation  Using  7ortex  Bines. 

1.  Arm  air  when  saturated  with  GS  will  contain  approximately  20  g. 
of  agent  per  cubic  aster. 

2.  If  we  assume  a vortex  ring  having  a 1 meter  diameter  (Russian 
claim)  then  (vol  ime  - 0.1  cu.m.). 

a.  Bach  vortex  ring  could  contain  no  more  than  2 g.  of  GB. 

b.  It  would  require  a minimum  22,500  such  vortex  rings  to 
transport  ICO  lb.  of  agent. 

c.  If  such  a ring  could  he  produced  ty  a .>0-cal.  projectile, 
approximately  225  lb.  of  ammunition  would  have  to  be  expended  for 
oach  10-lb.  G3. 
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* Short  Ring®  Conventional  Munition 


If  It  la  assumed  that  tha  300-meter  rang*  claimed  by  tha  Ruaalana 
to  hava  baan  obtained  with  tha  vortex  ring  principle  la  reliable,  It  aould  ap- 
pear dealrable  to  compare  ita  efficiency  (225  lb.  ammunition  par  l&*lb.  OB)  with 
that  of  another  abort  range  weapon  such  aa  a rifle  grenade.  The  atandard  10.9 
rifle  grenade  (assuming  It  could  be  redeaigned  to  contain  QB)  would  conalat  of 
approximately  one  pound  of  aetal  eoaponenta  and  0.2S  lb.  QB.  An  expenditure  of 
22$  lb.  of  aetal  eoaponenta  could  therefore  tranaport  approzlnately  $5  lb.  GB 
by  eaaparlaon. 


Tee  of  Tortez 


ta  to  Plsaealnate 


Blot  control  operation®  are  uaually  conducted  at  rather  eloae 
range.  Kzlatlng  aunltlona  such  aa  the  CJ(  and  CM- III  grenade*  are  Halted  In 
their  effectiveneaa  since  their  Inherent  design  sake a It  possible  for  then  to 
be  picked  up  and  thrown  back. 

la  this  co  meet  ion,  CIB  (CX  dissolved  In  e solvent)  eat  de- 
veloped to  be  dleeeetnated  by  a fla as  throear.  Consideration  la  also  being 
given  at  the  present  tine  to  the  developasnt  of  a generator  to  disseminate 
ale  ropulver  lied  CX.  These  net  hods  of  dissemination  are  not  completely  satis- 
factory in  that  tha  agent  la  released  as  a stream  thus  rendering  the  attaekar 
nearly  »e  vulnerable  as  the  target  personnel. 


Tortez  rings,  oa  the  other  hard,  are  sharply  defined  end 
theoretically,  can  ha  expected  to  retain  all  of  the  agent  within  the  rings 
during  the  greeter  part  of  their  trajectory.  This  would  bo  a distinct  ad- 
vantage ever  the  asthoda  outlined  above.  However,  the  large  slaw  generator 
required  (indicated  by  the  Ausalan  clalaa)  together  with  the  anticipated 
effort  and  tlae  required  to  obtain  the  neceaaary  fundamental  information 
leading  to  tho  development  of  each  e generator  do  not  appear  to  justify  such 


IT.  BOUZUOIL. 


Several  cylindrical  test  chambers,  similar  to  those  illustrated 
la  fig.  2 were  constructed.  They  were  fitted  on  tboir  front  ends  with  chargea- 
ble severs  containing  sharp  edged  circular  orifices  of  varying  diameters  and 
were  covered  on  their  rear  ext  remit  lev  by  various  types  of  membranes.  Tha 
assbraaes  consisted  of  rubber  sheeting  of  various  thicknesses  and  were  In 
some  cases  overlaid  by  stiff  disks  of  sbset  plsstie.  These  chambers  could  be 
filled  with  tobacco  smoke  or  VH^Cl  smoke  which  could  bo  projected  In  the  fora 
of  rings  by  tapping  tha  membrane  In  the  back  of  the  chamber. 

Three  pear-shaped  test  cheaters  designed  to  be  operated  by 
the  blaet  eanatlrg  from  s rifle  or  field  gun  were  constructed.  These  ere 
Illustrated  In  figs.  3,  4,  and  $,  appendix  S.  The  smaller  two  wero  designed 
to  be  nceret cd  with  tr.e  U-l  rifle,  and  the  larger  one  could  be  operated 
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• it her  in  conjunction  with  tha  U-l  rifle  or  with  a modified.  20  m.  gun. 

The  large  chamber  roughly  correeponde  in  dimensions  end  shape 
to  one  of  the  reportedly  successful  Qenaan  chambers.-  Externally,  both  s seller 
cheaters  are  scaled  down  versions  of  the  larger  chaabar. 

These  chaabers  were  filled  with  HR.Cl  smoke  or  EC  aaoka  prior 
to  functioning,  so  that  (when  produced)  the  vortsi  rings  would,  be  rendered 
visible  by  the  incorporated  socks. 

Blank  .30  caliber  cartridges  and  .30  callbar  rifla  grenade 
cartridges  wars  fired  in  tha  U-l  rifla  to  pulse  the  vortex  chamber  a.  special, 
wood  plugged,  2 O-ea.  cartridges  containing  aithar  IS,  20,  and  2S-f . charges  of 
.30  callbar  propellant  powder  were  fired  in  the  20- bu  gun. 

B.  Procedure, 

The  cylindrical  chaabers  ware  filled  with  aaoka,  the  diaphragms 
tapped,  and  tha  range  to  which  swoka  rings  were  projected  for  various  else 
orifices  noted. 

The  dlaphragaa  on  tha  tacks  of  the  chaabers  were  changed. 
Thicker  dlaphragaa,  thinner  dlarhragata,  end  dlaphragaa  overlaid  with  stiff 
plastic  plates  were  fitted  on  tbs  chaabers,  and  tha  range  to  which  aanka 
rings  were  projected  was  noted. 

Tests  were  run  oa  the  cylindrical  chaabers  h7  filling  thea  with 
awoke,  tapping  tha  diaphragm,  and  visually  noting,  the  distance  to  which  the 
aaoka  rings  were  projected.  This  type  of  test  was  repeated  for  each  of  tbs 
various  sited  orifices,  end  for  each  type  of  dlaphrags. 

An  additional  as t hod  of  determining  the  range  wee  used.  This 
consisted  of  aiming  the  chaabar  at  a burning  candle  end  noting  tbe  mxlaum 
distance  at  which  vortex  rings  projected  fro*  the  chaabar  would  extinguish 
the  candle. 


The  cylindrical  chaabers  were  filled  with  Tyro  fax*  gas,  aimed 
at  a Bunsen  flaae,  tapped,  and  the  max  turn  distance  at  which  the  Bunsen  flaae 
would  ignite  the  gas  ring  noted. 

The  swell,  pear-shaped  chaabers  were  attached  by  aeans  of  e 
claop  end  a aodifiad  rifle  grenade  adapter  to  the  end  of  an  M-l  rifle  (see 
fig.  3).  The  alignment  wes  adjusted  so  that  as  far  as  possible  the  axis  of 
the  chaabar  was  in  lint  with  the  axle  of  the  rifle  barre*.  Swab  a soaked  with 
5*3  end  BC1  were  deposited  in  the  chaabar,  filling  it  with  KH/C1  aaoka. 

Either  a .30  caliber  blank  cartridge  or  a ,yj  caliber  rifle  grenade  cartridge 
was  incur  ted  in  the  breech  of  the  rifle.  The  rifle  sea  fired  and  the  range 
and  voice  lty  of  the  resultant  vortex  ring  visually  eat  lasted.  Sometimes  to 
aid  in  this  estimate,  the  asjoably  wag  aiaod  at  light  foliage,  or  at  light, 
free  Urging  sheets  of  f. aper,  ard  tha  maximal  range  at  which  the  foliage  or 
paper  could  la  agiUt  od  by  a vortex  ring  sag  no  tod. 
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The  large  peer-ahaped  chamber  was  fitted  with  a rack  and 
brackat  on  which  a rifle  could  bo  traced,  A amll  HC  (anti-dia  can)  grenade 
•as  ignitad  in  the  chamber  rilling  it  with  InCl,  a«“:a.  The  axis  of  the  lt-1 
rlfla  barrel  was  aligned  with  the  axis  of  the  chamber.  Either  a .30  caliber 
blank  cartridge  or  a .30  caliber  rifle  grenade  cartridge  was  inserted  in  the 
breech  of  the  rifle  and  the  rifle  see  fired.  The  range  and  velocity  of  the 
resultant  saoke  ring  were  visually  estimated. 

The  20- am.  gun  barrel  was  e leaped  in  the  bracket  attached  to 
the  large  ehaaber  end  eaa  adjusted  so  that  lta  axis  and  the  axis  of  tbs  chamber 
■ere  aligned  as  closely  aa  poaaible.  A sail  BC  anti-dim  grenade  «aa  ignited 
in  the  ehaaber  filling  It  «lth  ZnCL.  smoke.  One  of  the  special  20hbs. 
cartridges  eaa  inserted  in  the  breech  end  of  a 20-an.  gun  barrel,  and  a special 
breech  mechanism  *as  attached,  cocked  end  fired.  The  range,  end  velocity  of 
the  resultant  smoke  ring  «ere  visually  estimated,  in  estimate,  expressed  as 
e percentage  of  the  total  saoka  contents  of  the  chamber,  aas  made  of  that 
portion  of  the  smoke  which  bed  been  projected  as  pert  of  the  vortex  rii*.  The 
test  was  repeated  for  each  of  the  differently  charged  cartridges. 

C.  a» suite. 

Smoke  rings  were  projected  from  the  cyllnirical,  membrane 
operated,  chambers  for  distances  up  to  15  or  20  ft.  Due  to  the  variability  of 
the  results,  it  wee  difficult  to  detect  differences  In  perfonance  with  respect 
to  range  for  each  of  the  various  orifices,  or  for  the  various  rubber  membranes 
It  mas  noted,  however,  that  the  aembranes  backed  by  the  atlff,  sheet  plastle 
41aks  were  more  efficient,  easier  to  operate,  and  less  critical  In  funetlanlim 
then  the  plain  rubber  memtrenes. 

In  general  the  initial  diameter  of  the  saoke  rings  wee  about 
1-1/4  to  1-1/2  times  the  diameter  of  the  orifice  from  which  they  were  emitted. 
The  diameter  of  the  ring  tended  to  Increase  slightly  as  the  rii*  traveled 
farther  away  from  the  chamber. 

Candle  flames  were  extinguished  by  vortex  rings  projected  from 
cylindrical  chambers  up  to  15  or  20  ft.  away  from  the  candle. 

Vortex  rings  containing  •Pyrofax*  gee  were  Inflamed  In  passim 
by  e dtnsen  flame  located  up  to  15  ft.  sway  from  the  cylindrical  projection 


Vortex  rings  sere  projected  to  ranges  of  approximately  35  ft. 
at  speeds  estimated  to  be  about  30  ft. /tee.  by  the  action  of  the  1^1  rifle 
blast  passing  through  either  of  the  two  smell,  pear-shaped  chambers. 

Ho  discernible  difference  in  range  or  rii«  velocity  aas  ob- 
served  when  the  smell  chamber  containing  the  interior  baffle  wee  substituted 
for  the  similar  smell  ehaaber  which  contained  rc  baffle. 


SECRET 


SECRET 


Nor  *4 s any  discernible  difference  in  performance  observed 
■nan  .30  caliber  rifle  grenade  cartridges  ware  used  in  place  of  .30  caliber 
blank  cartridges. 

It  eas  noted  that  it  eas  axtreaely  difficult  to  eia  the  vortex 
chaaber  unless  its  axis  and  the  axis  of  the  rifle  barrel  ears  eery  closely 
aligned.  In  all  cases  ahen  aiming  at  light  foliage  it  see  difficult  to  get 
the  ring  to  impinge  against  the  foliage  within  five  feet  of  the  spot  at  which 
the  rifle  was  aimed.  In  sons  cases,  where  there  wa«  acre  then  a very  slight 
misalignment  in  axis,  the  vortex  rings  hit  ten  or  even  twenty  feet  away  from 
the  spot  at  which  the  rifle  waa  aiaed.  These  errors  occurred  at  ranges  of 
approx  irately  35  ft. 

In  no  ease,  whan  the  tf-1  rifle  was  used  In  conjunction  with  the 
large  pear  shaped  vortex  cftuober  were  detectable  vortex  rings  obtained. 

In  no  case  when  the  20-am.  rifle  wee  used  in  conjunction  with 
the  large  peai^ahaped  vortex  chamber  were  well  defined  vortex  rings  obtained. 
In  all  cases  an  irregular  puff  of  moke  which  did  not  trevwl  more  than  ten 
feet  ware  ealtted  from  the  chaaber . However,  in  one  case  there  was  a sharp 
agitation  of  the  light  foliage  thirty  yards  in  front  of  the  vortex  clamber, 
such  as  bed  been  experienced  in  other  instances  when  vortex  rings  hid  impinged 
against  foliage. 


In  every  case,  approximately  95*  of  the  original  aaoka  contents 
remained  In  the  large  peer-shaped  cheabar  after  a taat  Aot  had  been  fired,  no 
aore  than  5 * of  the  smoke  escaping  as  pert  of  the  previously  asntlooed  ir- 
regular smoke  puff. 

ft  la  apparent  that  the  performances  of  theme  chambers  did  not 
confirm  the  0 la  ins  of  Totaeachev  or  the  Oersmna.  The  maximum  ranges  obtained 
were  leas  than  10*  of  the  value  of  300  motors  which  Tokmehsv  mentioned  as 
being  readily  obtainable  with  infantry  weapons.  The  ring  velocities  were  less 
then  15*  of  the  speed  of  70  meter a/aecond  that  he  claimed  as  being  most 
frequently  obtained  with  infantry  weapons  sad  art  alight  compared  to  the  1,300 
meters/aecond  he  anticipated  as  being  obtainable  with  chambers  of  aore  advanced 
design.  The  alaablllty  was  very  poor  end  unpredictable.  The  amoks  carrying 
capacity  of  the  vortex  rings  was  smrksdly  low.  It  is  difficult  to  reconcile 
these  differences.  The  poor  almability  my  have  been  due  to  alaallgnment  of 
the  chamber  axis  and  the  axle  of  the  rifle  carrel,  or  to  the  slight  but  un- 
avoidable asymmetry  of  tbs  hand-aeds  vortex  <..'&nbers. 

The  poor  perforaenee  of  the  peer-shaped  chambers  with  respect 
to  ring  ranges  and  velocities  say  hove  been  due  in  pert  t « certain  gaps  In 
tbo  information  available  about  the  German  chanters  after  c'.lch  they  were 
oodo led.  The  epproxlsate  dimensions  end  over-all  shapes  were  ».  n»n,  but 
certain  facts,  such  as  the  relative  positioning  of  ths  widest  disaster  of 
the  peer  snaps,  were  not  given  in  tbs  Usic  report.  This  positioning  had  to 
be  estimated,  and  the  position  decided  upon  say  rot  have  been  the  beat. 
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Another  factor  about  which  there  was  relatively  little  in- 
formation was  the  nature  and  type  of  blast  most  desirable  for  vortex  formation. 
The  Germans  had  mentioned  that  in  certain  chambers  the  weight  of  the  blast 
charge  might  bo  critical.  There  is  no  information  as  to  the  most  desirable 
type  of  pressure-time  curve  for  any  given  explosive  blast.  It  would  seem 
apparent  that  the  relatively  slow  pressure  rise  experienced  with  only  partially 
confined  black  powder  would  not  be  dasirabla.  But  on  the  other  hand,  would  the 
almost  Instantaneous  pulse  of  pressure  obtained  from  detonating  tetryl  represent 
the  most  desirable  condition?  It  is  obvious  that,  with  the  rifle  and  chamber 
type  of  system  a high  explosive  charge  could  not  be  used. 

Whatever  the  reasons,  ths  fact  reaeins  that  the  per force nee  of 
the  field  test  vshlclts  did  not  live  up  to  the  claims  made  by  Tokmachev. 

Whether  the  failure  of  the  pear-shaped  chambers  reflects  an 
Inherent  incapacity  of  this  type  of  system  for  the  useful  field  dissemination 
of  CY  agents  or  whether  it  ees  caused  by  a lack  of  understanding  of  the  design 
parameters  is  a problem  which  may  be  resolved  only  after  a prolonged  period 
of  fundamental  hydrodynamic  end  aerodynamic  experimentation.  Though  the 
failure  of  the  crude  system  tested  dose  not  preelude  the  possibility  that 
systems  of  this  type  might  be  useful  for  the  dissemination  of  certain  CW  agents, 
it  does  at  least  indicate  that  such  systems  do  require  a relatively  refined  and 
possibly  precise  design  to  make  them  usefully  operative. 

The  basic  report  covering  Tokmaehev's  eork  and  that  portion  of 
this  report  dealing  with  the  experimental  eork  conducted  at  the  Chemical  end 
led  io  log  leal  laboratories  mere  reviewed  by  Dr.  Frederick  W.  Boss,  a Chemical 
Carps  consultant  in  aerodynamics.  Hie  review  end  conclusions  ere  given  In 
appendix  A. 

TL  COFCLWffMa., 

1.  Attempts  to  reproduce  the  results  claimed  in  an  intelligence 
report  relative  to  Russian  experiments  on  the  application  of  the  vortex  ring 
principle  for  the  dissemination  of  agents  were  totally  unsuccessful. 

2.  Mb  bes<c  information  on  vertex  ring  genera tion  la  available 
for  guiding  the  design  of  a generator  which  would  be  substantially  more 
efficiant  than  the  prototypes  described  in  this  report. 

3.  The  vortex  ring  principle,  even  if  completely  successful,  is 
Inherently  inefficient  for  the  dissemination  of  OB. 

4.  Zf  the  claims  msde  on  the  vertex  ring  principle  could  be 
substantiated,  the  most  promising  application  may  be  the  projection  of  agents 
for  riot  control. 

Til.  JMCQUItfjmiTlQWa. 


It  is  recosawnded  that  no  further  work  be  done  on  the  application 
of  the  vortox  ring  principle  for  the  dissemination  of  CW  agents. 

SECRET  riensiM.  rifiniiie 


8 


SECRET 


APPEND II  A 

Background  and  Inferences 

1.  Discussion  of  Vortex  king  Foraation  and  Propagation  by  Fro do rick  f.  Ross 

2.  Ltr.  CULR&-Ca(M)  to  Technical  Director,  CRL,  subject,  Consents  on  "Vortex 

Rings*  for  Disseminating  Hr  Oases,  21  November  1951 

3.  lUeeorandua  for  File,  23  January  1952 

4.  Report  of  Test,  25  March  1952 

5.  Report  of  Test,  9 May  1952 
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FKSDS2ICK  V.  FOSS 
ft}  saw rch  And  Consultation 
Physics  - Aerodynamics 
719  North  Ualborn  Avenue 
Dearborn,  Michigan 


DISCUSSION  3?  V02TEX  H1NQ  K)=UATI0N 
AND  PBDPAQATIC  1 


After  reviewir*;  the  report  of  Professor  Totaachev‘s  nork  and  tha  hand 
printed  report,  it  appears  the  fallowing  points  *re  aridantj 

(1)  Tokmeehev  uses  tha  aquation  (see  p.  400) 

V « Tp 
(abs) 

for  the  dacay  of  velocity,  70,  »ith  distance,  a. 

This  foraula  is  in  agreement  with  that  proposed  by  0.  I.  Tylor  in  (British) 
Advis.  Cobb,  for  Aero.  London,  2 ; M No.  $96  (1918).  This  foraula,  however, 
is  only  one  of  a number  which  have  been  proposed.  Thara  is  little  experimental 
evidence  available  to  indicate  ahich,  if  any,  of  those  several  proposed  re- 
lations are  correct. 

(2)  In  Tokaachev's  relation  cited  above,  as  veil  as  in  all  other  similar  re- 
lations proposed  for  shoeing  the  decay  of  velocity  there  appear  constants  — 
such  as  the  a and  b above.  These  constants  are  dependent  upon  tha  detailed 
shape  of  the  attachment  and  its  namer  of  operation,  1 i.  the  constants  sre 
dependent  upon  the  manner  of  formation  of  the  vortex  ring. 

(3)  In  the  Tokmachev  report  there  appears  to  be  no  lnforsatlon  givsn  on  the 
details  of  this  manner  of  generation  of  the  sortex  rings.  That  1s,  the  re- 
port does  not  divulge  any  important  details  regarding  the  relation  betseen 
the  Mgnitude  of  constants  a and  b and  sufficient  details  of  the  attachments 
and  thulr  manner  of  use. 

(4)  On  p.  401  of  the  Tokaachrv  report  he  uses  the  muxsle  velocity  of  3,000 
a./sec.  for  the  gases  emanating  from  the  oxzsla  of  the  cannon.  This  is  about 
10,000  ft./see.  and  while  it  is  the  velocity  obtained,  presumably,  from  a 
blank  flri{%,  of  which  1 have  no  lnforsatlon,  it  should  be  checked  against 
available  muzzle  gas  velocities  to  see  if  it  is  high  or  not. 

V 

(5)  The  use  of  the  foraula,  V0/2*3,  implies  a definite  geometry  for  the  ring. 
It  lmpliee  a definite  ratio  between  the  diameter  of  the  ring  and  the  diameter 
of  the  core.  For  example,  Lamb,  ■Hydrodynamics-  p.  241  shows  that  the  velocity 
of  translation  of  the  rirg  would  be  equal  to  the  nuzzle  velocity,  i.e.,  velocity 
at  the  center  of  the  ring  if  the  rirg  diameter  is  86  times  the  core  diameter. 
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This  would  bo  a vary  high  velocity  ring  with  a very  thin  core  and  consequently 
also  of  very  little  volume.  Tokaachev's  formula,  Vq/2.3,  implies  some  ratio 
of  disasters  which  is  high,  but,  of  course,  less  than  66*  The  report  does  not 
say  what  it  is. 

(6)  Again,  the  ratios  of  diameters,  ring  tocore,  is  determined  by  the  manner 
of  formation  of  the  ring.  This  again  then  is  determined  by  the  detailed  design 
and  manner  of  operation  of  the  attachments  of  which  insufficient  information 
appears  to  be  given  in  the  Toloaachev  report. 

Conclusions  and  facomandatlona 

The  discussions  given  here  and  in  the  hand  printed  report  both  point  up  the 
fact  that  the  Toksmchav  report  gives  inadequate  inf  mation  on  detail,-': 
design  and  operation  for  the  vortex  ring  generators  (or  attachments), 
theory  of  generation  and  decay  of  vortex  rings  ia  complicated  and  has  not  been 
well  substantiated  experimentally.  Inadequate  inforsmtlon  Is  available  to 
determine  definitely  how  to  control  such  factors  ss  rstlo  of  ring  to  core 
diameter  in  terms  of  shape  of  attachment  chamber  and  orifice  and  method  of 
applying  pressures,  etc. 

From  general  theory  available  there  is  no  information  to  show  that  vortex 
ring  velocltlar  and  distances  of  ordtr  of  these  claimed  hy  Tokmachev  cahoot  ’ 
be  approached.  let  the  experiments  described  in  the  hand  printed  report  stew 
that  if  such  is  possible  that  adequate  design  information  is  nou  avaiisfcls  fsw 
controlling  the  necessary  vortex  ring  characteristics  to  obtain  tha  greater 
distances. 

From  these  conclusions  than  It  would  appear  that  if  the  project  is  to  be 
pursued  further  it  would  be  Important  to  systematically  study  the  details 
controlling  the  formation  of  vortex  rings  of  diffsrsnt  ratios  of  rij*  to  core 
diameter. 

Until  such  basic  Information  is  known,  beeauae  of  the  complexity  of  the 
controlling  factors,  the  chance  of  arriving  at  s design  configuration  that 
will  glvw  the  higher  velocities  is  very  small.  The  experiments  reportsd  in 
the  hand  printed  report  are  indicative  of  this. 
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CULRS-CR(M)  Couunsnts  on  "Vortex  Rings”  for  Disseminating  3hr  Oases. 

Technical  Director  Chief,  Munitions  Division  IfiNQ/6175/mJ 

Cal  and  Rad  Lafcs  21  November  I95I 

1.  A study  has  bean  meu*  of  a suaaary  of  work  that  was  aceoapllshad  by 
the  Russians  and  Oernans  on  the  use  of  vortex  rings  for  dissaainatlng  gases 
and  snokas.  Vortex  rings  aay  be  foraed  by  the  action  of  a jet  of  propellant 
gases  issuing  froa  a gun  and  passing  through  a suitable  fixture  on  the  end  of 
the  gun  barrel.  If  a gas  to  be  disseminated  is  introduced  into  the  fixture 
at  the  instant  of  discharge,  the  gas  will  be  foraed  into  a vortex  ring  which 
will  travel  in.  a straight  line  with  very  little  dilution  for  a short  distance, 
and  will  than  break  up.  The  maximum  range  attained  has  been  approximately 
400  yards. 

2.  Of  the  possible  applications  of  the  vortex  ring  method  of  dissemi- 
nation, there  appear  to  be  three  of  Interest  to  the  Chemical  Corps 1 

a.  Dissemination  of  gases  for  mob  control. 

b.  Projection  of  screening  smoke. 

e.  Dissemination  of  toxic  gases  in  close-up  fighting. 

3.  For  use  as  a means  of  nob  control,  where  the  release  of  a gas 
(lacrism*.'r  or  sternutator)  oust  be  practically  instantaneous  and  yet  not 
involve  fragments  likely  to  produce  permanent  injury,  the  method  might  well 
be  of  value.  The  ability  to  direct  the  cloud  with  some  precision  would  be 
an  advantage  in  this  case.  Vhether  the  leakage  of  gas  at  the  device  used 
to  create  the  vortex  rings  could  be  kept  low  enough  to  avoid  the  use  of  gas 
■asks  is  problematic. 

4.  The  ability  of  a vortex  ring  apparatus  to  disperse  considerable 
quantities  of  material  suggest  its  usefulness  in  projecting  screening,  amoka 
where  a small  area  is  to  be  obscured  a short  distance  froa  the  operator. 

The  ability  to  place  the  smoke  directly  on  the  target  with  some  accuracy  and 
in  a very  short  time  might  be  of  sufficient  value  to  warrant  the  development 
of  such  a device  to  take  the  place  of  hand  and  rifle  smoke  grenades. 

3.  Due  to  its  short  range,  the  application  of  the  vortex  ring  principle 
to  the  dissemination  of  toxic  gas  would  require  the  use  of  a rapid-acting  gas 
such  as  CB.  This  gas  would  not  be  safe  to  carry  in  storage  containers  which 
would  necessarily  have  valves  subject  to  laalage.  HCN  or  CNC1  might  be  useable 
since  the  necessary  high  concentrations  at  the  target  could  probably  be  at- 
tained, while  the  low  concentrations  produced  by  leakage  at  the  source  would 
probably  not  be  dangerous. 
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6.  In  view  cf  the  above  considerations  the  vortex  ring  method  offers 

the  greatest  possibilities  in  the  dissemination  of  lacriaatars,  sternutators 
or  screening  smokes.  Its  usefulness  in  these  fields  would  depend  on  the 
development  of  satisfactory  gas  containers  and  dispersing  apparatus  for  use 
with  hand  weapons.  It  is  desirable  to  make  an  investigation  to  determine  tha 
probability  that  such  a development  would  constitute  an  improvement  on  tha 
small  munitions  at  present  used  for  these  applications.  , 

7.  A preliminary  investigation  and  experimental  work  has  been  initiated. 


C.  B.  DSESMXf,  Jr. 

Colonel,  Cal  C 

Chief,  Munitions  Division 
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C MUNITIONS  DIVISION 
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Project  4 -C4- 15-007 
23  January  1952 
gCH*LST2B£flQ/6l22/oJ 


UEXOB/LNDUU  FOR  flL Si 

SUBJBCTi  Development  Program  Vortex  Bing  Device* 

1.  OBJECT 

The  object  of  the  program  described  In  this  report  Is  to  deteralne  the 
feasibility  of  dispersing,  disseminating,  or  projecting  C*  agents  by  naans 
of  vortex  ring  producing  devices. 

ii.  issmznx 

The  prograa  will  be  eundScted  under  the  authority  of  project  4-04-15-007, 
1.0.  1271.  , 

111.  PURPOSE  AND  ADVANTAGES 

In  tactical  situations  where  toxic  CT  agents  can  be  used  it  Is  desirable 
that  a high  concentration  of  the  sgent  be  laid  down  on  the  target  area  within 
a given  short  period  of  tlas.  By  aaans  of  highly  concentrated  artillery, 
employed  at  very  high  rates  of  fire,  it  is  often  possible  to  achieve  within 
a period  of  two  alnutes  toxic  gas  concentrations  capable  of  incapacitating 
eneay  personnel  who  have  not  been  sufficiently  alerted  as  to  put  on  their  gas 
masks  and  other  protective  equipment. 

It  is  hoped  that,  with  relatively  few  vortex  chamber-machine  gun  combi- 
nations, toxic  gas  concentrations  sufficient  to  break  down  enesy  canisters  and 
incapacitate  fully  alerted  eneay  personnel  can  be  achieved  within  an  even 
shorter  period  of  time. 

Furthermore,  since  dispersion  using  a vortex  system  does  not  Involve  the 
concomitant  use  of  shells,  canisters,  large  propellent  charges,  or  central 
burster  charges,  it  should  be  fsr  mors  efficient  from  a logistical  point  of 
view.  In  addition  such  factors  as  crater  loss  should  be  eliminated. 

Vortex  ring  devices  may  prove  to  have  a much  more  general  applicability. 
Thus,  by  aaans  of  a vortex  ring  device  It  may  be  possible  to  lay  down  smoke 
screens  on  objects  and  areas  soma  distance  away  fjrom  the  smoke  generator. 

There  is  also  a possibility  that  they  say  be  used  to  project  inflammable 
gases  to  great  ranges,  thus  making  possible  a long  range  .lame  thrower.  In 
addition,  the  great  shearing  force  generated  in  such  rings  say  be  used  to 
accomplish  sore  destructive  purpose  by  itself. 
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IV.  HISTORICAL 

Prior  to  World  War  II,  research  on  vortex  ring  producing  davicaa  had 
baan  carried  out  in  Russia  under  the  leadership  of  Prof.  Tokaacher.  Tokmachar 
succeeded  in  interesting  Soviet  Uilitary  Authorities  in  tha  project  as  early 
as  1937.  Units  or  chambers,  designed  to  be  operated  by  the  blast  emanating 
from  a variety  of  military  weapons  (infantry  rifles,  machine  guns,  and  76mm 
field  guns)  were  built  and  tested.  It  was  hoped  that  these  units  would 
ultimately  be  capable  of  projecting  with  a high  degree  of  aimability,  and  at 
high  velocity,  smoke  or  toxic  CW  agents  in  the  fora  of  vortex  rings  to  relatively 
great  ranges.  In  particular,  Prof.  Toimachar  thought  that  the  units  adapted  for 
use  with  machine  guns  could  ultimately  bs  rendered  capable  of  disseminating 
extremely  greet  quantities  of  toxic  CW  sgents,  st  very  rapid  ratas,  with  a very 
high  degree  of  efficiency. 

Pxof.  Tokaacher  was  present  at  tha  early  military  experiments.  In  these 
experiments  ranges  of  300  meters  and  ring  (muzxle  velocities  of  70  meter s/secrri 
were  attained  both  with  rifles  and  with  machine  guns.  Vortax  rings  (1  meter  i, 
overall  diameter)  were  shot  at  a rate  of  400/aln.  Cron  e Degtyarer  machine  gun- 
■Tokaacher  calculated  that  with  10  machine  guns  about  one  ton  of  war  gas  could 
be  put  out  as  vortex  ring*  in  four  minutes.11 

Tokaacher  was  not  invited  to  witness  tha  tests  conducted  wltn  tha  76cm 
field  gun,  end  thus  we  have  no  account  of  toe  results  of  ths  test.  Though  this 
test  probably  did  not  give  tha  expectad  results,  Tokaacher  had  calculated  that 
a ring  (muzxle)  velocity  of  1300  a. /sec.  could  be  obtained. 

Due  to  the  vagaries  of  Sovist  politics  the  project  was  dropped  after  the 
tests  with  the  76ma  gun,  end  from  then  on  only ‘occasional  interest  in  tha  project 
was  shown  by  the  military  authorities. 

In  1942,  Tokaacher  eas  captured  by  the  Germans,  and  he  put  his  ideas  and 
services  at  their  disposal.  The  Germans  performed  various  tests,  the  results 
of  which  largely  confirmed  Tokaacher 's  basic  work.  Bowevsr,  due  to  the  demands 
of  the  war  the  Germans  were  not  able  to  continue  their  work,  and  thera  is  no 
record  of  their  adapting  vortex  chambers  for  use  in  existing  military  weapons. 

It  was  from  captured  German  accounts  of  these  experiment#,  that  our  knowledge 
of  Tokmachar,  his  history,  end  his  work  was  derived.  By  the  end  of  the  war 
Tokmachar  had  disappeared. 

V.  THEORETICAL 

The  mathecatical  theory  of  vortex  rings  has  been  rather  fully  treated  in 
the  classical  works  on  hydrodynamics  and  aerodynamics.  However  only  a limited 
body  of  experimental  work  is  recorded  in  the  literature.  In  particular  theru 
is  very  little  data  as  to  how  the  geometric  parameters  of  ths  vortex  forming 
chamber  affect  the  properties  of  the  rings.  Nor  is  there  very  much  information 
correlating  the  muzzle  velocity  of  the  blast  used  to  fora  the  ring3,  with  the 
properties  of  the  rings. 
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the  vortex  forming  chamber  can  te»  regarded  ae  serving  two  functions. 

One,  1 3 a s a reaervoir  for  the  Ctf  agent  to  be  incorporated  in  a single  vortex 
ring.  To  neat  thla  requirement  at  leaat  a certain  volume  will  be  needed. 

The  aecond  function  ia  to  form  or  modify  the  flow  pattern  of  the  blaat  ao 
as  to  yield  that  floe  pattern  which  will  give  optimum  properties  to  the 
vortex  rings  (i.e.  maximize  the  capacity,  contents,  velocity  and  range  of 
the  ring).  A large  size  ia  not  inherently  needed  for  this  function,  and 
porhapa  the  introduction  of  the  proper  baffles  or  flow  forming  shapes  may 
permit  a reduction  in  the  overly  bulky  size  of  the  chamber. 

A second  problem  on  which  vary  little  infers* tion  exists  ia,  whether 
the  vortex  ring  has  the  ability  to  carry  Internally  an  aerosol  without 
centrlfugally  expelling  the  particulates  making  up  the  aerosol.  This  problem, 
which  does  not  exist  for  gases,  is  of  importance  because  of  the  many  C7T  agents 
of  low  volatility  which  are  most  efficiently  disseminated  in  the  form  of  an 
aerosol. 

71.  DEV  KI£  PUSH*  PtiOGmU 

A.  The  first  tests  will  be  conducted  on  systems  patterned,  as  closely 
as  possible,  after  those  presented  in  the  basic  report  on  Tokaacher's  work. 

1.  The  following  items  will  be  used  as  propellant  gas  sources* 

a.  30  caliber  rifle 

b.  30  calibor  machine  gun 

c.  20mm  cannon 

d.  Special  explosive  chambers 

2.  These  items  will  be  used  in  conjunction  with  a)  standard 
blank  cartridges,  b)  standard  cartridges,  c)  specially  modified  cartridges 
and  d)  loose  and  formed  explosive  charges.  Charges  of  black  powder  up  to 
70  grams  in  weight  will  be  used. 

3*  Vortex  forming  chambers  of  the  following  sizes  and  shapes 
will  be  used  in  conjunction  with  the  aforementioned  weapons  and  munitions* 

a.  pear  shaped  chambers 
length  80  inches  (approx.) 
tip  end  diameter  2 inches 
maximum  diameter  40  irxhes 

orifice  diameters  15  Inches,  24  inches,  30  inches 

b.  Ovoid  chambers*  to  be  adapted  from  Jettisonaols  fuel  tanks. 

c.  Conical  chambers 
length  80  inches 

tip  end  diameter  2 incites 
base  diameter  40  Inches 

orifice  diameter  15  inches,  21  inches,  24  inches,  30  inches 
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d.  Small  pear  shaped  chambers 
length  10  inches 
saxlmum  diameter  8 inches 
orifice  diameter  3»  4,  6 inches 
tip  diameter  3/4  ihch 

e.  3a»il  cone  shaped  chambers 
length  12  inches 

base  diameter  8 inches 

tip  diameter  3/4  inch 

orifice  diameters  3»  4*  6 inches 

f.  Other  shapes  and  sixes  as  experience,  convenience,  and 
logical  inference  may  dictate 

B.  Various  other  propellant  systems  aill  be  tested  in  conjunction 
with  the  aforementioned  vortex  forming  chambers.  Such  systems  as  the  follow- 
ing may  be  usedi 

1.  Pulse  jet  engines 

2.  Uodlfied  shaped  charges 

C.  The  aforementioned  tests  aill  be  run  using  varying  poeder  or 
propellant  charges  to  observe  their  effect  on  the  existence,  range,  velocity, 
and  size  of  the  resultant  vortex  rings. 

D.  Tests  will  be  run  using  heavier  than  air  gases,  COj,  illuminating 
gas,  Pyrofax),  lighter  than  air  gases,  (Hydrogen,  CO,  Nltror.en)  vapors  (UK*, 
SlCl^),  and  aerosols  to  determine  what  proportion  of  each  of  the  various  types 
of  systems  is  conserved  within  the  vortex  over  its  entire  range  of  travel. 

g.  Tests  will  be  run  to  determine  whether  the  destructive  interference 
*can  be  used  as  a range  determinant  for  laying  down  smoke  screens  or  toxic 
cloudr  at  specified  distances  from  the  generators.  To  accomplish  this  two 
systems  can  be  ussdt  1.  one  system  could  consist  of  two  generators  aimed  to 
give  converging  ring  trajectories  and  capable  of  being  fired  simultaneously. 

The  range  would  be  determined  by  the  point  of  convergence  which  in  turn  could 
be  determined  by  the  angle  between  the  trajectories  and  the  separation  distance 
between  the  generators.  With  two  generators  mcunted  a fixed  distance  apart  the 
sole  determinant  for  the  range  would  be  the  angle  between  the  trajeetoriea. 

2.  The  second  system  will  utilize  the  destructive  interference  set  up  between 
two  coaxial*/  projected  rings.  It  has  been  noted,  that  when  vortex  rings  are 
emitted  in  rapid  succession,  the  distance  between  successive  rings  becomes 
less  and  lass  as  the  rings  travel  farther  out  from  their  source,  iftien  the 
distance  between  successive  rings  becomes  lass  than  one  ring  diameter,  de- 
structive interference  is  set  up  and  the  ring  contents  are  in  effect  "dumped" 
at  this  point  of  ring  breakup.  The  original  spacing  between  rings  is  de- 
termined by  the  frequency  of  emission  and  the  emission  velocity.  Using  a 
unit  having  a constant  emission  velocity,  the  breakup  distance  becomes  solely 
a function  of  the  frequency  of  emission.  Thus  it  should  be  possible  to  lay 
down  a sreke  screen,  or  a toxic  cloud  at  varying  predetermined  distances  from 
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the  source  g antra  tor  by  varying  the  frequency  of  emission  of  that  aourea 
ganarator. 

Onfortunataly  no  availabia  military  aaapon  ha a an  sutoaatically  variable 
and  controllable  rata  of  flra.  To  taat  thia  system  of  ranga  determination, 
a chamber  mill  be  uaed  in  conjunction  aith  a pula a jet  engine.  Different 
cheek  values,  having  different  elastic  constants  will  be  used  to  vary  the 
frequency  of  pulsing  of  the  jet. 

?U. 

Should  the  aforementioned  teat  program  demonstrate  that  it  is  feasible 
to  project,  or  disseminate  Cl  agents  by  means  of  vortex  ring  produeir*  devices, 
a research  program  should  be  started  to  determine  the  fundawntal  physical 
properties  of  vortex  rings.  The  earner  in  which  those  parameters  embodied  in 
the  geometry  of  the  forming  chamber,  and  the  physical  nature  of  the  foraii* 
blast  should  determine  these  physical  properties. 

Such  a research  program  should  have  the  following  ultimate  goals;  findix* 
mathods  of  eaximixing  and/or  controlling  the  velocity,  range,  capacity  and 
•bearing  poser  of  vortex  rings;  and  deterainix*  whether  a reduction  in  the 
volume  of  the  vortex  forming  chamber  can  be  affected. 
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1.  I tea  Tested! 


T*o  aaell  t or  tax  chaabers  12-in.  long,  6-in.  ■»»!««■  disaster,  3-3/4-in. 
orifice  dimeter,  3/4-in.  barrel  dimeter,  (peer  shaped)  one  containing 
and  interior  baffle. 


2.  Purposes 


3. 


4. 


7. 


a.  To  deteraine  ehather  said  chaabars  are  capable  of  producing  x-vrtex 
rings  upon  being  explosively  pulsed  by  the  blast  sonneting  froa  a blank 
cartridge  fired  froa  a 30  cal.  rifle. 

b.  To  coapare  the  effectiveness  of  said  chaabers  for  producing  vortex 
rings. 

c.  To  observe  the  properties  and  behaviour  of  the  rir*s  produced. 
Uethod  of  Tests 

The  chambers  were  fastened  to  the  end  of  a 30.  cal.  rifle  ty  a claap  on 
their  barrel  disasters.  Subs  containing  NH,  and  HC1  were  inserted  in 
the  chaabers  producing  saoke.  Blank  cartridges  ears  fired  froa  the  rifle 
end  the  resultant  vortex  rings  observed.  The  rifle  was  alaed  at  light 
shrubbery  to  observe  the  aaxlaua  distance  at  shlch  vortex  lapse t could 
be  detected. 

Conclusions! 

Bings  one  to  one  end  one-half  feet  in  disaster  were  produced.  They 
traveled  at  an  estimated  20  to  30  ft.  per  second.  Their  effect  could 
be  felt  30  ft.  froa  the  orifice  chaaber.  The  rir*s  theaeelves  could  be 
seen  20  ft.  froa  the  orifice.  There  use  no  significant  difference  in 
the  behaviour  of  either  ebaaber. 

Results! 

Treaty  shots  eere  fired,  seven  eith  the  untsffled  chaaber,  12  with  the 
tarried  chanter,  and  ore  eith  no  chaaber.  In  ell  instances  *hen  a 
ciesber  was  counted  on  the  rifle,  vortex  rings  were  produced.  They 
appeared  to  be  tet«««n  cr.e  and  one  and  cre-rsLf  feet  in  disaster  and 
t reveled  at  approximately  20  to  30  ft. /sec.  The  rings  were  visible  20 
ft.  froa  the  cheater  a</i  tr.eir  effect  in  agitating  light  shrultery  was 
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noticeable  at  ranges  of  30  faat.  Shan  thara  a**  no  chamber  mounted, 
no  rings  *ara  produced,  nor  aas  .hara  any  affect  aa  to  agitating 
shrubbery  at  a short  range.  There  appeared  to  ba  no  significant 
diffaranoa  in  tha  rings  produced  by  either  type  of  ehaaber. 

8.  Further  Action  to  be  Takent 

Uodified  saall  ehaaber s eill  be  fabricated  and  tested.  The  larger 
ehaaber  eill  be  tested  after  codification  to  aount  a 2Cba  cannon.  A 
oore  sensitive  target  structure  eill  be  built  to  determine  the  range 
of  the  WCS. 
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Oftta  of  Teat  9 May  1952 
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1.  Item  Taatadi 

3*11  vortex  chamber  - 30  cal  rifla  asseably. 

2.  Purposes 

To  datarolaa  range  to  vhieh  vortices  can  ba  projected. 

3.  Hatted  of  Taati 

Tba  chamber  was  fa  a tan  ad  on  to  tha  mizzle  and  of  the  rifla.  Tventy 
blank  cartridge*  wara  firad.  Tha  rifla  «a$  aiaad  aithar  at  a light 
target  struct or a or  at  light  foliaga. 

4.  Conclusion* i 

Tha  vortex  is  sprtreswly  difficult  to  aim  and  arratic  in  Its  flight 
This  is  probably  dua  to  variations  in  tha  alignaant  of  tha  axla  of  tha 
Loosely  fas tanad  vortax  chaabar  and  tha  axis  of  tha  gun  barrel j and  to 
variation  in  tha  blast  emanating  from  tha  blank  cartridgas. 

5.  Hot  applicable 

6.  Hot  applicable 

7.  Hsaultat 

It  aas  difficult  to  determine  tha  aaxisua  rang#  at  vhieh  vortax  Impact 
could  ba  fait  because  tha  point  of  impact  seldom  came  near  tha  point  at 
which  the  rifla  aaa  aiaad.  Errors  of  10  ft.  at  a range  of  20  yd*  could 
readily  ba  observed.  These  errors  did  not  reproduce  themselves,  but 
etenged  in  sign  and  magnitude.  The  maximum  rang#  at  vhieh  vortax  impact 
aas  observed,  ms  20  yds. 


xiauarzsts  f.  a.  shot  c.  b.  dszihch,  jr.,  col,  emi  c 

Project  engineer  Chief,  App.  Baa*  Branch  Chief,  liinitions  Division 
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Sketches 

1,  Vortex  king 

* ■> 

2,  Diaphraga  Actuated  Vortex  Chaaber 

3,  Sull'  Vortex  Chaaber 

4,  Snail  Vortex  Cheaber  a 1th  Baffle 
3,  Large  Vortex  Chamber 

6,  Typical  Vortex  Chaaber  for  the  Production  of  the  Vortex  Six« 
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